M3 muscarinic receptor-deficient mice retain bethanechol-mediated intestinal ion transport and are more sensitive to colitis.
Acetylcholine (ACh) is an important regulator of intestinal epithelial ion transport via muscarinic or nicotinic ACh receptors. Previous studies emphasize the role of the M3 muscarinic receptor subtype in mediating the effects of cholinergic agonists on intestinal ion transport. With the prevalence of mouse models to study intestinal (patho)physiology, it is crucial that ion transport be understood in this species. Using M3 receptor-deficient (KO) mice and wild-type (WT) mice, we examined M3 receptor contributions to ion transport as well as its role in colitis induced by dextran sodium sulphate (DSS). In the Ussing chambers, ileal and colonic tissue from M3 KO and WT mice displayed similar baseline ion transport properties. Short-circuit current (ISC) responses to the muscarinic receptor agonist bethanechol were slightly decreased in ileal tissue from M3 KO mice compared with tissue from WT mice, whereas responses were not significantly different in colonic tissue. ISC responses to bethanechol were partially inhibited by pirenzepine in WT ileum, but not tetrodotoxin, suggesting involvement of a non-neuronal M1 muscarinic receptor. In the ileum, the M3 receptor may inhibit neuronally evoked ion transport, as indicated by the increased ISC responses to electrical stimulation in tissue from M3 KO mice. Furthermore, whereas all DSS-treated mice developed colitis, M3 KO mice displayed more rapid mass loss and more severe disease than DSS-treated WT mice, even following a reduction in the amount and time of DSS treatment. Thus, M3 receptor-KO mice are compensated in their ability to evoke muscarinic receptor-driven ion transport responses, but are more sensitive to DSS. This work highlights the need to dissect muscarinic receptor-mediated events in the mouse, as mice become increasingly valuable in enteric disease models.